ABSTRACT. The frontal sinuses play a highly relevant role in comparative human identification processes. Since forensic radiology is a branch in the forensic sciences, adequate radiological analysis of the frontal sinuses is essential for comparative human identifications. The current study investigates radiographic morphological changes in the frontal sinuses according to vertical angle distortions in posteroanterior (PA) radiographs. A standard PA radiograph of the skull of an adult was obtained. Eight addition PA radiographs were taken at different vertical angles. Frontal sinuses were analyzed qualitatively and quantitatively according to Ribeiro´s (2000) technique. Both qualitative and quantitative analyses revealed significant image distortions. Further, overlapping anatomical structures were reported when PA radiographs were analyzed in negative angulation distortions (from -10° to -40°). Positive and negative angular distortions up to 20º slightly affected the qualitative morphological analysis. However, 10° positive and negative distortions provided a significant interference in quantitative analysis and impaired the measuring process. Most forensic techniques for the analysis of frontal sinuses comprise measurements of morphological distances. Distortions of approximately 10° or over in vertical angulation of cranial PA radiographs should be avoided so that more accurate comparative human identifications could be achieved.
Introduction
Forensic radiological analysis is a common procedure in human identifications, specifically in cases of carbonized and putrefied bodies and skeletal remains (ARBENZ, 1988; VANRELL, 2009) . Although human identifications are classically performed by fingerprint analysis, in several situations the soft tissues are not preserved and other alternative pathways, such as dental and anthropological examinations, are required (SILVA et al., 2008) . Ante-mortem (AM) medical or dental radiographs within this context are highly relevant for further comparison with post-mortem (PM) records (ARBENZ, 1988 Several anatomical areas of the body, such as the arms, forearms, chest and skull, provide valuable identification information through radiological analysis (CAMERIERI et al., 2005; KAHANA; HISS, 1999; SILVA et al., 2007; WOOD, 2008) . There are four pairs of paranasal sinuses of forensic interest in the skull, namely, frontal, maxillary, sphenoidal and ethmoidal sinuses (NAMBIAR et al., 1999) . Among the paranasal sinuses, the morphology of the frontal pairs may be clearly observed on posteroanterior radiographs. Caldwell's technique, which consists of supporting the head or skull in a horizontal plane, and thus enabling an adequate view for morphological analysis, is applicable to standardize PA imaging acquisition (CAMARGO JR. et al., 2007) .
One of the main advantages in analyzing frontal sinuses is due to the frontal bone protection against external factors, such as trauma and decomposition, which makes PM examination highly reliable. Moreover, the frontal sinuses provide a unique morphological value for human identification, very much similar to the role of fingerprints (CAMERIERI et al., 2005) .
The frontal sinuses are frequent in 96% of the population, with a bilateral position, distinct shape, dimensions and volume (CAMARGO et al., 2007; MONTOVANI et al., 2006) . The first radiographic signs of the frontal sinuses formation occur at the age of six, and they are completely developed within the subjects´ 10 -20-year-old bracket (CAMERIERI et al., 2005; MONTOVANI et al., 2006; SCHULLER, 1943) .
The feasibility of identifying a person by comparing radiographs of the frontal sinuses was first suggested by Schuller (1943) . Later, Ribeiro (2000) developed a method based on the measurement of standardized distances of the frontal sinuses in 500 PA radiographs, and thus a quantitative analysis based on the height and width of both sinuses.
The manipulation of the head or skull is necessary for the PA PM radiographic imaging acquisition. It is expected that during this process variations on the vertical angle of x-ray incidence provide image distortion, hampering further comparative human identification (CAMARGO et al., 2007) . Within this context, current research analyzes the forensic implications of the morphological variations of the skull´s frontal sinuses in PA radiographs, by regularly modifying the vertical angle of x-ray incidence during Caldwell's technique.
Material and methods
The present research was undertaken with the approval of the Committee of Ethics in Research of the Federal University of Goiás, Goiânia, Goiás State, Brazil, under Protocol number: 195/2012. A dry skull, with well-preserved skull-cap and facial bones, featuring anthropological characteristics of an adult male, was selected from the collection of the Department of Oral Diagnosis of the Dentistry School, Federal University of Goiás, and used to simulate PM radiographic examinations of skeletal remains. The skull underwent a standard PA radiograph according to Caldwell's technique, which consists of positioning the Frankfurt horizontal plane parallel to the floor (0°). The Frankfurt horizontal plane was demarcated on the skull by fixing a 0.9-mm-diameter stainless steel wire from the higher point of the external acoustic meatus to the lower point of the orbit (Figure 1 ). Radiographs were then analyzed qualitatively and quantitatively on a light box. The qualitative analysis revealed the distribution of the lobes and septa and the frontal sinuses area (Figure 4) . In Figure 4 , vertical black arrows indicate the lobes in the two frontal sinuses. Horizontal black arrows indicate the septa inter-sinuses. White arrows indicate the septa in the two frontal sinuses.
Measurements based on method by Ribeiro (2000) were performed for quantitative analysis. The area of interest addressed in the abovementioned method is placed above the orbit´s upper limit. Thus, a horizontal line was drawn between the upper limits of the two orbits. Measurements took into consideration the distances between the highest point of the sinus and the horizontal line on the upper limit of the orbits, bilaterally. Further, the distances between the lateral highest points of the sinuses and the referred to horizontal line were also calculated ( Figure 5 ). According to Ribeiro (2000) , a baseline is drawn horizontally on the upper limit of both orbit cavities ( Figure 5) . Line E indicates the lateral limit of the right frontal sinus; line H indicates the lateral limit of the left frontal sinus; line F passes from the highest point of the right frontal sinus to the base line; line G passes from the highest point of the left frontal sinus to the base line. Line A represents the measurement of the diameter of the frontal sinuses (distance between E and H). Line B represents the measurement between the highest points of the frontal sinuses (distance between F and G). Line C represents the measurement between the lateral limit of the right frontal sinus and the vertical line marking the highest point of the right frontal sinus (distance between E and F). Line D represents the measurement between the lateral limit of the left frontal sinus and the vertical line marking the highest point of the left frontal sinus (distance between G and H). 
Results
In qualitative analysis, the same amount of lobes and septa, for both sides, were observed in all positive angle distortions (+10° to +40°) (Table 1) . When negative angle distortions were taken into account, only interval -10° presented the same number of lobes and septa if compared to the standard PA radiograph. Angle intervals between -20° and -40° severely distorted the image, without any positive identification (when a qualitative comparison is made with the standard PA radiograph). From the quantitative results obtained by Ribeiro's method (2000) (Table 2), a constant value (K) was calculated for all the items at all angle intervals (Table 3) . To calculate K, the measurement results obtained in the angle distortions were divided by the measurements obtained in the standard radiographs. The constants presented a regular distribution on positive distortions. In negative distortions, constants A and D were regular for the angle intervals between -10° and -30°. Constants B and C were regular from -10° to -20°. Table 3 . Constant values (K) calculated by dividing each measurement in Table 2 by each measurement obtained from the quantitative analysis of standard PA (0°). (2011) validated a specific coding system based on standard measurement and shape of CT images of the frontal sinuses. The authors concluded that the frontal sinuses provide reliable information for comparative human identification due to their uniqueness, excluding gender differentiation in reconstructive identification. Contrastingly, Lee et al. (2010) and Tatlisumak et al. (2008) reported a higher proportion of frontal sinuses dimensions in males than in females. Further, Yun et al. (2011) provided valuable data for reconstructive human identifications correlating the frontal sinuses development to the aging process in Korean children and sub-adults. On the other hand, current study investigated both qualitative and quantitative parameters and showed that the combination of both approaches during the radiographic analysis of the frontal sinuses provides optimized results for comparative human identifications, as previously expected (SCHULLER, 1943) . It may be observed that qualitatively the frontal sinuses´ morphology and the number of lobes and septa were constant in 5, within a total of eight different PA radiographic angulations (+10° to +40° and -10°), when compared to the standard PA radiograph (0°). Quantitatively, the absolute values of the sinuses measurements revealed different results when compared to the standard PA radiograph for each angle interval of distortion. The above shows that different angle distortions may modify the real distances between the focused points and thus hamper the measuring process. In addition, higher negative distortions in the vertical angle (-30° and -40°), such as flatness of the frontal sinuses and reduction of the number of lobes and septa, provide severe limitations in the qualitative-quantitative analysis of the sinuses. These limitations occur because the superior wall of the orbits (used as horizontal parameter in Ribeiro's method) in negative angle distortions is superposed by other anatomical bone structures. The alteration in the sinuses morphology and the superimposition of bone structures become directly and proportionally worse in higher negative distortions in the vertical angle.
In this context, the forensic professional working in human identifications, especially when comparing 
Conclusion
Ii is highly relevant to note that subjective analysis of the frontal sinuses, such as the qualitative approach, hardly detects any morphological alterations from angle distortions, even by trained experts. Contrastingly, objective analysis, such as the quantitative approach, easily detects morphological alterations by revealing differences in measured reference parameters when compared to the standard radiograph. Most of the reliable techniques for the analysis of the frontal sinuses, in the forensic practice, address measurements of standardized distances. Thus, even slight distortions in the vertical angle should be avoided in PM PA radiographs for adequate comparative human identifications.
